Tantalum is studied by the method of point-contact (PC) spectroscopy: the parameter λpc and the absolute intensity of the PC EPI function are determined, and the form of the EPI function is determined more accurately. Both homocontacts T a − T a and heterocontacts T a − Cu and T a − Au were studied. It was found that the contributions of copper and gold to the spectrum of the heterocontact are not noticeable, though the forms of the PC spectra of T a in homo-and heterocontacts are different. The intensities of the spectra of T a − T a homocontacts and T a − Cu heterocontacts turned out to be close to one another. Simple expressions, enabling numerical calculations of the PC characteristics for geometrically symmetric heterocontacts in the approximation of a spherical Fermi surface, are derived, based on the theory. It is shown that the use of the free-electron approximation in the numerical estimates leads to an error. It is proposed that the effective mass approximation be used for such estimates.
I. INTRODUCTION
Point-contact (PC) spectroscopy of the electronphonon interaction (EPI) in normal metals [1] enables direct measurement of the spectral function of EPI under the condition that the inelastic electron mean-free path length l ε is greater than the dimensions of the contact and the temperature is quite low (kT hω max , where ω max is the limiting phonon frequency).
The purpose of this work is to obtain quantitative information about the EPI in tantalum -determine the absolute intensity of the PC EPI function g pc (ω) and the parameter λ pc and also to determine more accurately the form of the PC EPI function. A new method was employed to prepare pure T a − T a homocontacts and T a − Cu and T a − Au heterocontacts, which enabled us to obtain high-intensity spectra. The value of the EEP parameter λ pc in a pure homocontact is 6.5 times greater than the value obtained in the preceding work [2] . It is demonstrated that quantitative information can be obtained about the EPI of tantalum in T a − Cu heterocontacts. It was found that the contributions of copper and gold to the PC spectrum of the heterocontact are not noticeable though the form of the PC spectra of T a is different in homo-and heterocontacts. The reasons for these phenomena are established. It is shown that heterocontacts enable the determination of the ratio of the Fermi velocities of the corresponding electrodes.
II. EXPERIMENTAL PROCEDURE
A tantalum single-crystal with the resistance ratio ρ 300 /ρ 5 ∼ 20 , a copper single-crystal with the resistance ratio ρ 300 /ρ 4.2 ∼ 1000 and a gold polycrystal with approximately the same value of ρ 300 /ρ 4.2 were employed as the material for the electrodes. The electron momentum mean-free path length in tantalum at liquid-helium temperature, determined by the impurities, equals about 900Å for our samples. In the estimate ρl = 0.59·10 −11 Ω· cm 2 [3] and ρ 273 = 12.6 · 10 −6 Ω · cm [4] were used. Electrodes with dimensions of 1.5×1.5×10 mm 3 were cut out by the electric-spark method and subjected to chemical polishing in a mixture of concentrated acids. For tantalum, the mixture consisted of HF : HNO 3 : HClO 4 , taken in equal volume ratios, while for copper the mixture consisted of HNO 3 : H 3 PO 4 : CH 3 COOH in the volume ratio 2:1:1. The gold electrodes were chemically treated in aqua regia. The electrodes were then flushed in distilled water, dried, and mounted in a clamping device.
The contacts were created by the modified shear method [1] , and in so doing, in order to obtain stable pure contacts, the following procedure was employed: A reference current equal to 10 − 50 µA was fixed with completely shunted samples, after which the shunts were switched off and a contact was obtained with a resistance from several hundreds to several thousands of ohms, most often with a dependence R(V) of a nonmetallic type. After this the current was increased in steps with the help arXiv:1512.01800v1 [cond-mat.mes-hall] 6 Dec 2015 of a resistance box connected in series with the point contact. The initial resistance of the box was much greater than the resistance of the point contact. The voltage on the point contact in this case, as a rule, varied insignificantly and equaled 500 ± 200 mV . When the required resistance was achieved the contact was held under that current for several minutes. The contacts prepared in this manner were much cleaner than those prepared by the standard procedure [1] and were distinguished by high mechanical and electric stability.
We note that the quality of the spectra was significantly higher than those which we obtained previously [2] . At the same time, together with a general increase in the intensity of the spectrum, the relative intensity of the peak increases significantly. This can be explained by the decrease in the degree of deformation of the material in the region of the contact [5] when it is prepared. The critical fields required for suppressing superconductivity also dropped by a factor of 3-5. With the new method for forming the contact with bias voltages of several hundreds of millivolts, the contact was in the normal regime. The temperature at the center of the contact reaches the softening point of the metal and, unlike impulsive breakdown, is maintained at this level for quite a long time, so as to order the crystal lattice of the metal in the region near the contact. Additional purification of this region apparently also occurs at the same time by the electric transport method. We note that for electroforming the heating in the T a − Cu heterocontacts is not symmetric: only the tantalum edge is heated. This is linked with the fact that for high bias voltages the flight of the electrons from the copper side remains close to ballistic. This is indirectly confirmed by the change in the differential resistance -for Cu − Cu homocontacts with bias voltages of the order of 300-350 meV it increases by 20-40% compared with eV ∼ 30 meV , while for T a − Cu heterocontacts and T a − T a homocontacts it more than doubles for such bias voltages.
Since the short-circuiting begins most often with a resistance of several kiloohms, while the final resistances of the point contact equal, as a rule, not more than several tens of ohms, the shunting of the short circuit by the tunneling gap of the reference oxide by the comparison resistance is eliminated. Multiple contacts are also unlikely to form under conditions of electroforming. Another advantage of this method is the possibility of "growing" shortcircuits with the required resistance with an accuracy of several percent. The same method was also employed to prepare T a − Au point contacts, i.e., the method is in principle also applicable to metals which are mutually soluble (copper and tantalum are not mutually soluble in the solid and liquid phases).
Some of the T a − T a, T a − Cu, and T a − Au point contacts were prepared by the standard shear method. The optimal resistances of the point contacts, prepared by electro-forming, turned out to be several times higher than the corresponding values for point contacts prepared by the standard shear method. This could be attributable to the difference in the form of the shortcircuits formed: In the shear method the short-circuit apparently forms along cracks in the reference oxide, and in this case its form is described best by the model of a prolate ellipse. For electroforming, the form of the short circuit is probably closer to a circular opening. Measurements were performed in an intermediate cryostat with a capillary, structurally analogous to that described in Ref. [6] , in the temperature range 1.4-6 K. For measurements of the PC characteristics in the normal state the superconductivity was destroyed either with a magnetic field from a superconducting solenoid or by raising the temperature above T c for tantalum.
III. EXPERIMENTAL RESULTS AND DISCUSSION
For a detailed investigation the point contacts were selected beforehand according to quality criteria described in Ref. [1] Because the electron energy mean-free path length at energies close to the Debye energy is quite short, the best results were obtained for comparatively highresistance samples, whose resistance fell into the range from 20 to 100 Ω. The typical PC spectra V 2 (eV ) ∼ d 2 V /dI 2 are presented in Fig. 1 .
The curves 1-3 refer to T a − T a homocontacts, while the curves 4-6 refer to T a − Cu contacts. The orientation of the contact axis relative to the axis of the crystal lattice of tantalum was not monitored and was random. For this reason the position of the phonon peaks could have varied along the energy scale from 11.5 to 12.5 meV and from 17.5 to 18 meV . In many spectra a soft mode at 7-7.5 meV as well as a break near 3 meV are clearly visible. In spectra measured at low temperature, a feature in the region of 15 meV is clearly visible. Figure 2 shows the PC EPI functions of tantalum, reconstructed from these spectra. The absolute values of the EPI functions qg pc (ω) and the parameter λ pc were calculated in the free-electron model for contacts in the form of a circular opening [7] : 
.
Here the voltage of the second harmonic of the modulating signal is the diameter of the contact;
In the free-electron model [8] 
where z is the number of conduction electrons per unit cell; Ω is the volume of the unit cell. For a bbc lattice
where a is the lattice constant. In the free-electron approximation the true wave functions are approximated by smooth pseudowave functions. The greatest differences are observed in this case in the region of the atomic core which in simple metals is small and occupies about 10% of the volume. In transport phenomena, in particular, electric conduction, the free-electron approximation in metals such as, for example, copper and gold, "works" very well. In the VA subgroup for V , N b, and T a over filled shells with the configuration of argon, krypton, and xenon, respectively, each atom has five valence electrons. Because of the small number of electrons filling the d bands, the Fermi level intersects them, and for this reason the band structure of these metals is very complicated near the Fermi surface. All metals of the subgroup are uncompensated with a total number of carriers equal to one hole per atom [4] . Therefore, for tantalum, like for niobium in Ref. [9] , we take z =1, in the free-electron approximation. At the same time, taking into account the fact that a=3.296Å [4] , we obtain k F = 1.
. In this approximation the maximum value obtained in our experiments on homocontacts λ pc = 0.88, which is greater than the EPI parameter λ = 0.73, measured with the help of the tunnel effect [10] , but is less than λ = 1.17, calculated from first principles [11] . We shall evaluate the expected contribution of copper to the spectrum of the heterocontact T a − Cu for the symmetric geometry. It follows from Ref. [11] that
Since in Ref. [12] the analogous relation was obtained for model metals, which have PC EPI functions of the same form and absolute intensity but with different Fermi velocities and momenta, the cofactor g
does not occur there. Equation (7) does not agree with the expression which would be obtained in an analysis of the relative intensity of the spectra of homocontacts with the same diameter. The additional factor (p F1 /p F1 ) 2 arises because the point contact form factors of metals with different momenta in heterocontacts do not equal one another and correspondingly differ from the form factors of the homocontact. In the metal with high p F , the relative phase volume of states filled in a nonequilibrium manner is smaller because some of the electron trajectories are reflected from the interface. As shown in Ref. [12] ,
angle-averaged form factor of the s-th metal in the heterocontact. The formula (7) was obtained for a heterocontact formed by dirty metals, but, since, according to Ref. [12] , the ratio of the intensities of the spectra of the metals is independent of the electron momentum meanfree path length and remains correct in the regime close to the ballistic regime 1 , we shall use it in what follows, making the assumption that our contacts are clean.
Our maximum absolute intensity of the PC EPI function of tantalum in homocontacts in the free-electron approximation was g 
We shall go beyond the free-electron approximation and determine this ratio employing the electronic parameters of tantalum and copper, which were determined based on the experimental data. Taking into account the fact that
we obtain
Here N(0) is the single-spin unrenormalized electron density of states at the Fermi level and γ is the coefficient of electronic thermal conductivity. Using γ T a = 4.36 mJ · mole
This quantity is identical to the value of v
, determined in Ref. [14] , and is quite close to v
8 cm/ sec from Ref. [15] , which is the true consequence of the fact that niobium and tantalum are electronic analogs; their Fermi energies are virtually identical, and the Fermi surfaces are very close [14] . Because of the very complicated Fermi surface in tantalum the use of the formula (3) for determining k F will lead to a large error. To evaluate k T a Fe we shall employ our value of v T a
Fe and the results of Ref. [16] , in which the ratio of the effective electron mass, averaged over the Fermi surface, to the free-electron value m * /m 0 = 1.85 was determined from the de Haas-van Alphen effect. Then
The Fermi surface of copper is not very different from a spherical surface, so that the formula (3) and the experimental value ρl Cu 0.53 · 10 −11 Ω · cm 2 can be employed without making any special error [17] . Substituting the numerical value of ρl Cu into the formula (3) we obtain
We can now find the absolute intensity of the PC EPI function g pc and the parameter λ pc using the experimental data. The transfer factor from the free-electron to the experimental values for tantalum equals
From here λ pc =0.227. The corresponding formulas for determining the diameter of tantalum and copper homocontacts have the form
The contribution of copper to the spectrum of the heterocontact, using the experimental electronic parameter s, is less than in the free-electron approximation. It follows from the formulas (7) and (14) that
Here the expected relative contribution of copper to the spectrum of the heterocontact, using the electronic parameters of tantalum and copper determined from the experimental data, is given by
For what follows, we note that the maximum absolute intensity of the PC EPI function of copper with the experimental value for k F (see the formula (14)) equals
The point-contact EPI function g pc (ω) is related to Eliashberg's thermodynamic function g(ω), determined in experiments on the elastic tunneling effect in superconductors and the transport EPI function g tr (ω), which is determined from precision measurements of the temperature dependence of the resistivity, owing to scattering by phonons. Only the factor in the integrand -the form factor, determined by the scattering angle -changes. The role of electron scattering by large angles increases in the sequence g → g tr → g pc . The transport EPI parameter satisfies the relation
where ∂ρ/∂T is the slope of the temperature dependence of the resistivity at high temperatures(T > Θ D ). Using the experimental values for ρl and v F for tantalum we obtain λ tr = 0.456 [1] . If, however, ρl and v F , calculated in the free-electron approximation, are employed, then we obtain λ tr = 0.854. Since the transport EPI function g tr occupies an intermediate position between the PC EPI function g pc and Eliashberg's thermodynamic function g, with the use of the experimental electronic parameters, the relation λ pc = 0.227 < λ tr = 0.456 < λ = 0.73 holds.
We shall now determine the absolute intensity of the partial spectrum of tantalum in a symmetric heterocontact. The resistance of a heterocontact in the presence of a δ function barrier at the boundary between the metals equals [12]
Here ... v z > 0 denotes averaging over the Fermi surfaces of metals 1 and 2, respectively, under the condition v z > 0; S is the area of the contact; S F is the area of the Fermi surface; α = v z /v F = cos θ ; and, D is the transmission coefficient of the boundary. The quantity R −1
het is independent of the metal over which the averaging is performed, and it is independent of the electron dispersion law, i.e.,
Taking into account the fact that
where R 0 is the resistance of the homocontact, we obtain R het = R 0 α vz>0 / αD(α) vz>0 . For a spherical Fermi surface
The expression for the form factors of the metals in heterocontacts was calculated in Ref. [12] :
where
We assume for definiteness that b < 1.
As a result we obtain
(26) The transmission coefficients at each edge can be written in the form
We shall solve the problem from the side of the tantalum edge. In this case
Here we assume that b = p 
where d T a is the diameter of the tantalum homocontact with the same resistance (see (15) ). The problem can also be solved from the copper side:
Here the integration is performed from √ 1 − b 2 , because of the fact that for α 2 √ 1 − b 2 the quantity D (α 2 ) = 0, since total internal reflection of the electrons occurs. The diameter of the heterocontact in this case equals
i.e., the same result is obtained as in the calculation from the tantalum side. (We note that if the diameter of the tantalum heterocontact is determined from Sharvin's formula
then we obtain
i.e., the calculation from the copper side yields a result which is different from the calculation on the tantalum side. The fact that the simple relation (21) does not hold is apparently linked with the presence of several groups of carriers in the tantalum, and this makes it necessary to generalize the relation (21) to this case.) To determine the averaged form factors of tantalum and copper in the heterocontact in the ballistic state, the numerator in the formula (24) must first be calculated:
In the model of an opening [12] 
(θ is the Heaviside function). Decomposing the numerator of the formula into components and transforming it for a spherical Fermi function we obtain
Here
. For x > y symmetric integrands are obtained, in which x and y are interchanged. For this reason it is sufficient to calculate the integrals for x > y and multiply the result obtained by 2. In the formulas presented this multiplication has already been performed. Since the series K(k) converges very rapidly, for the calculations we can take K(k) = π/2 . A somewhat different form of B, obtained by substitution of variables, is more convenient for calculations:
Substituting the numerical values into (34) and (36) and integrating, we obtain A = 0.088; B = 0.0137.
The averaged form factors for a heterocontact in the model of a clean opening satisfy the expression
Since the contribution of copper to the spectrum of the heterocontact is not noticeable, it may be assumed without introducing any special error that the entire spectrum is determined by the tantalum edge. In this case the more accurate value of the intensity of the PC EPI function of tantalum in the hererocontact equals
Where g pc is the PC EPI function of the T a − T a homocontact with the same resistance (see (3) and (4)). From here it is necessary to calculate correction factor
Here g f pc and λ f pc are the absolute intensity of the PC EPI function and the parameter λ, calculated in the freeelectron approximation for a T a − T a homocontact with the same resistance.
We shall calculate the ratio of the averaged form factors for a heterocontact in the ballistic regime. As follows from the formulas (38) and (39),
This quantity is greater than b 2 = 0.307, which is presented for a dirty heterocontact 2 From here the partial contributions of Cu and T a to the spectrum in the ballistic regime can be determined more accurately (compare with (7)):
Taking this into account we can put the formula (16) into a different form:
(44) Table I shows the parameters of homo-and heterocontacts in the free-electron approximation and for two values of the Fermi velocity of tantalum. The value v corresponded to the use of the more accurate absolute intensity of the PC EPI function of tantalum in T a − Cu heterocontacts. Although it follows from Table I that the contribution of copper to the spectrum of the heterocontact in the estimates must exceed 25%, the contribution of copper is not noticeable in the spectra of heterocontacts. At the same time, if the absolute intensity of the PC EPI function g pc and the parameter λ pc for tantalum in the T a−Cu heterocontacts are calculated just as for T a−T a homocontacts with the same resistance, we obtain values that are close to those obtained for homocontacts. Thus, for the best heterocontact in the free-electron approximation, g max f pc = 0.554 and λ f pc = 0.82. From here there follow two possibilities: 1) the maximum intensity of the spectrum is not reached in the homocontacts; 2) in the existing technology of forming the contact, an unsymmetric heterocontact is formed, and tantalum occupies most of the effective volume of phonon generation near the constriction. We shall study both possibilities separately. In the analysis we shall assume that v T a F = 0.51 · 10 8 cm/sec.
IV. SYMMETRIC CONTACT
In this case the maximum corrected intensity of the PC EPI and the relative contribution of copper to the spectrum g het pc max = 0.374, copper relative contribution to the spectrum L g het pc = 0.115, i.e. it is only somewhat greater than 10% and indeed should not be noticeable. Figure 3 shows an example of the addition of the PC EPI functions of tantalum and copper homocontacts with the relative intensity g Cu pc max = 0.1g T a pc max . As one can see the contribution of copper to the total spectrum is not noticeable, though the form of the total spectrum differs from the spectrum of the heterocontact -in the case of heterocontacts the relative intensity of the L peak is almost 40% higher.
One possible reason for this strong difference in absolute intensities and the form of Ta spectra in homo-and heterocontacts could be the following.
The difference in the absolute intensities of PC EPI functions and Eliashberg's thermodynamic EPI function is linked with the different form factors -in the case of the thermodynamic function every electron scattering event is effective, and for the PC EPI function large-angle scattering processes make the main contribution. This is usually also linked with the decrease in the relative intensity of the high-frequency maximum in the PC spec- tra [19] . In a heterocontact the tangential component of the electron momentum is conserved across the interface. For this reason any electron that has undergone inelastic scattering in tantalum and whose z component of the momentum has been reversed will return into the copper, being deflected after refraction at the boundary toward the z axis, which increases the contribution of small-angle scattering processes in T a to the "return current", which determines the inelastic correction to the current through the point contact. (We note that the maximum angle of incidence of the electrons from the copper side, when total internal reflection does not yet occur, equals 33
• with respect to the z axis.) At the same time the form factor for the metal with the lower value of p F (T a) also approaches the form factor of Eliashberg's thermodynamic function, while the absolute intensities of the PC function g pc and the EPI parameter λ pc become closer to the corresponding values of the thermodynamic function. This is also indicated by the closer form of the PC EPI function of the heterocontact (Fig. 2, curves 4-6 ) and the thermodynamic EPI function (Fig. 2, curve 7) .
We note that the PC spectrum of the metal with the large value of p F in the heterocontact undergoes opposite changes, owing to the fact that the scattering by angles θ < θ min does not contribute to the return current (see Fig. 2 in Ref. [20] ) and thereby accentuates the effect of the K factor, which emphasizes the scattering by large angles. Therefore if we could separate out the low intensity contribution to the PC spectrum from the metal with large p F , we would see that its form differs even more strongly from Eliashberg's EPI function than the form of the PC EPI function obtained from the spectrum of the homocontact of this metal. At the same time, as one can see from Table I , a physically more reliable result for λ het pc is obtained using v T a F = 0.51 · 10 8 cm/sec.
V. UNSYMMETRIC HETEROCONTACT
The magnitude of the excess current when there is no geometric asymmetry and additional scatterers at the boundary in a clean heterocontact of the S − c − N type must equal [21] 
where R = 1 − D. Substituting D (α 1 ) into the formula for J and integrating the expression obtained we obtain J = 0.575. Thus for T a − Cu symmetric heterocontacts I exc = 0.575 ∆/R N . In the limit D → 1 we have J = 4/3. For clean S − c − S homocontacts in the presence of a semitransparent barrier between the metals D does not depend on α. In this case
The deviation of D from 1 affects the magnitude of the excess current much more strongly than it affects the intensity of the spectrum. Thus the excess current for D = 0.7 is half of the excess current for D = 1, while the intensity of the spectrum in this case equals D 1/2 = 0.84 of the starting intensity.
In our experiments there was no correlation between the absolute intensity of the spectrum and the magnitude of the excess current, observed in Refs. [22] and [23] for tin contacts. The superconducting characteristics turned out to be more sensitive to contamination than the spectral characteristics. The magnitude of the excess current in the contacts with an intense spectrum in the N state could vary from 0 up to 0.8 of the theoretical value for a clean S −c−S contact, but the critical Josephson current was almost always absent. This indicates the presence of depairing centers in the plane of the constriction. In heterocontacts with an intense PC spectrum the parameter J could vary from 0 to 1.1. From here it follows that at least for J > ∼ 0.6 a geometric asymmetry of the heterocontact existed and T a filled most of the volume near the constriction, and in addition in this asymmetric heterocontact for J close to 1.1 the ballistic regime was realized.
In this case it is obvious that the absolute intensity of the PC function g pc and the EPI parameter λ pc , calculated for the T a − Cu heterocontact, are close, just like for a T a − T a heterocontact with the same resistance and the same characteristics calculated for T a − T a homocontacts. The reason for the fact that copper does not contribute to the spectrum is also understandable. The decrease in the relative intensity of the L peak in the homocontact compared with the heterocontacts could be linked with the heating of the contact for energies close to the Debye energies. The typical resistances of our contacts equal 20−100 Ω, which corresponds to diameters of 120-50Å. If the energy mean-free path length is evaluated from the relation l ε = v F τ ε (here τ
is the energy relaxation time and g(ω) is Eliashberg's thermodynamic function, given, e.g., in the tables of Ref.
[24] then for ω = ω D we have l ε = 146Å, i.e., contacts with the lowest resistances at energies close to the Debye energies must be in a state close to the thermal state, when spectroscopy is impossible. At the same time, although the background for the high-resistance contacts is high (50-70%) and the intensity of the L peak is lowered appreciably, it is nonetheless quite well resolved. This indicates that it is incorrect to use the relation indicated above for determining the energy relaxation time, since this relation is predicated on the equilibrium electron distribution function. A substantially nonequilibrium electron distribution function is realized in the point contact near the constriction, and although the energy electron mean-free path length is much greater than the diameter of the contact, it is still not large enough, which increases the background and decreases the intensity of the L peak. It is much easier to satisfy the condition l ε d with the use of copper as the counterelectrode, since there are no restrictions from the side of the copper edge and the condition l ε r (r = d/2 is the radius of the contact) must be satisfied. The decrease in the background level in heterocontacts is also explained by the lower heating of the contact owing to the much better thermal conductivity of the copper edge, which efficiently removes heat.
The two possibilities, however, are not mutually exclusive. Both symmetric and unsymmetric heterocontacts with a dominant contribution of tantalum are apparently realized. At the same time, as the interface between the metals moves away from the plane of the geometric symmetry of the contact, the effective volume of phonon generation in tantalum increases and the effect of the δ function barrier between the metals owing to the difference in the Fermi velocities decreases. At the same time, the effect of the form factor, which is determined by the difference in the Fermi momenta and the intensity of the PC EPI function of the metal with the smaller value of ρ F , approaching Eliashberg's thermodynamic function, also decreases. In T a − Cu heterocontacts, the mutual effect of these factors is largely compensated, and for this reason the contribution of copper to the spectrum is not noticeable, while the intensity of the spectra does not change much as the symmetry of the contact changes. The magnitude of the excess current, however, changes at the same time over a wide range. To check this proposition, we prepared a series of T a − T a, T a − Cu, and T a − Au contacts using the standard shear method, with which a geometrically symmetric contact is most likely to be formed. As in the case of the electroforming of contacts, however, no contribution from copper and gold to the spectrum was observed in heterocontacts. The absolute intensity of the spectra for T a − T a homocontacts and T a − Cu heterocontacts in this case was much lower than with electroforming, and turned out to be close to the absolute intensity of the spectra which we obtained previously [2] . In the case of T a − Au point contacts, the absolute intensity of the PC spectra obtained for electrically formed point contacts turned out to be only slightly higher than for point contacts prepared by the standard shear method [1] . This is apparently explained by the mutual solubility of T a and Au. Figure 4 shows typical PC spectra of T a − Cu and T a − Au for contacts prepared by different methods. All values of g f pc and λ f pc in the caption in Fig. 2 correspond to the free-electron approximation, and in addition in heterocontacts the values of g f pc and λ f pc were calculated just as for homocontacts with the same resistance. All estimates made above must be treated with care. Since d metals have two groups of valence electrons, in different experiments one or another group of electrons can make the dominant contribution. For example, in niobium, which is the electronic analog of tantalum, the Fermi velocity, determined in optical measurements, v N b F = 0.94 · 10 8 cm/ sec (Ref. [25] ). In
Ref. [26] , in order to make the computational results agree with experiment for Cu − N b point contacts, the value v 
different.

VI. CONCLUSIONS
In conclusion we shall list the basic results obtained in this work. A new procedure was developed for preparing clean point contacts.
1. The EPI parameter λ pc and the absolute intensity of the PC function g pc (ω) for tantalum were determined, and the exact form of the PC function was found.
2. The PC characteristics of a symmetric heterocontact were calculated numerically for the first time in this work: the absolute intensity of the EPI function g pc (ω) and the parameter λ pc . At the same time, an expression taking into account the degree to which the electronic parameters of each electrode affect the form factor of the heterocontact was derived, which makes it possible to evaluate the relative contribution of the specific metal to the resulting spectrum. The calculation is based on the results of the theory of Shekhter and Kulik [12] , and the case of the ballistic contacts in the approximation of a spherical Fermi surface was examined.
3. It was established that the contribution of the second metal to the PC spectra of the heterocontacts T a − Cu and T a − Au is not noticeable, while the intensities of the PC spectra remain virtually constant as the geometric symmetry of the contacts changes. At the same time the forms of the spectra in homo-and heterocontacts are different. An explanation of these phenomena with the help of the compensation effect was proposed.
4. The effective mass approximation was used for the first time to calculate the PC characteristics, since the free-electron approximation obviously leads to incorrect results.
5.
A new procedure was developed for preparing clean point contacts.
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VII. NOTATION
Here v F and p F are the Fermi velocity and Fermi momentum, respectively; g and λ are the EPI function and parameter, respectively; k F is the Fermi wave vector; d is the diameter of the contact; a is the lattice constant; Ω is the volume of the unit cell; L is the relative intensity of the partial spectra of a heterocontact; γ is the electronic heat capacity; and, D is the coefficient of electron transit through the boundary in a heterocontact.
